Material and Methods:
We have employed a research breathing motion model and CT acquisition technique into clinical service, supporting lung cancer radiation therapy. The workflow employs 25 fast helical CT scans that are acquired using low mA, fast rotation (0.28s) and a pitch of 1.2 to scan the lungs in approximately 1 s, acquired alternately head to foot and foot to head. A breathing surrogate device, consisting of a hollow sealed bellowsshaped tube, is stretched around the abdomen. The air pressure in the tube is measured using a pressure transducer and the transducer voltage is used as the surrogate. Each slice is assigned a breathing phase according to the breathing surrogate measured at the point in time the scan was acquired. The breathing amplitude and the breathing rate define the breathing phase, allowing the model to explicitly manage breathing amplitude variations as well as breathing hysteresis. The scans are deformably registered to the first scan, arbitrarily assigned as the reference scan. The deformation vectors along with the breathing phases are coupled with a breathing motion model that linearly relates breathing motion to the amplitude and rate of breathing. The 25 scans are averaged at the reference phase geometry to reduce image noise, and the averaged scan deformed to userdefined breathing phases. For the first clinical implementation, we provide 8 static images at breathing phases corresponding to equally spaced breathing amplitude percentiles from the 5th percentile to the 95th percentile and back in equally spaced steps. The model is used to reconstruct the original 25 scans and compare the reconstructed to original scans using deformable image registration, providing a measure of model error. The clinician is provided not only the phase images for planning but estimates of the motion model error presented as colormaps of the model discrepancy.
Results:
The protocol provides artifact-free images for contouring and previous research studies have shown that the overall accuracy of the proposed workflow is approximately 2 mm, with severely irregularly breathing patients having only slightly reduced accuracy. The protocol allows the clinician, for the first time, to access quantitatively validated breathing gated CT scans that are related to the overall breathing pattern statistics and that come with accuracy estimates.
Conclusion:
While the clinical 5D protocol increases the quantitation available to clinicians, it is only the first step in the next generation of breathing motion modeling and breathing motion mitigation strategies made possible by the quantitative nature of the protocol. Further automation will enable the clinic to greatly increase the efficiency and efficacy of selecting and evaluating competing motion mitigation strategies.
PO-0881
Patient selection for DIBH technique for left sided breast cancers: Impact of chest wall shape S. Chilukuri 1 Purpose or Objective: Deep inspiratory breath hold (DIBH) technique delivers less dose to heart and left lung during radiotherapy for left sided breast cancers. But the benefit is not uniform in all patients. We analyzed the impact of shape of the chest wall (CW) in predicting benefit with DIBH technique.
Material and Methods:
All patients of left sided breast cancer undergoing radiotherapy at our centre in the last one year were analyzed. All the patients underwent 2 sets of planning scans-one in DIBH phase and the other in free breathing (FB) phase. DIBH patients were monitored in prospective mode with the help of Varian real time position management system system. For patients who underwent mastectomy, the shape of the CW was assessed on visual inspection and confirmed on the FB planning CT (pCT). For patients with intact breast, the CW excluding the breast was contoured on the FB pCT to evaluate the shape. CW angle (CWA)-angle measured at mid chest level and is made by the tangent to the most curved portion of chest wall with any line parallel to the couch was computed.
Results: 36 patients were found to have curved CW and 17 (32%) were found to have flat CW. All the 17 patients with flat CW had CWA<30 and all with curved CW had CWA>30. In patients with curved CW mean left lung V20 (V20), mean heart dose (MHD) and mean left anterior descending artery (LAD) dose were significantly less with DIBH technique compared to FB plans, (12% vs. 19%, p= 0.001, 1.2Gy vs. 5.5Gy, p<0.000, 16.6Gy vs. 29.1Gy, p<0.000 respectively). In patients with flat CW, there was no benefit seen with DIBH scans compared to FB scans with respect to V20, MHD and mean LAD {21% vs. 22.3% (p=0.78), 5.9Gy vs. 6.5Gy (p=0.19) and 29.1Gy vs. 28.9Gy (p=0.9)} respectively. In patients with curved CW, the NTCP for cardiac mortality was less compared to FB plans (0.25% vs. 4.5%, p<0.001) which was not the case in flat CW patients (4.2%, p=0.86) Conclusion: Patients with curved CW had a significant benefit with DIBH technique compared to flat CW. CW shape, which is easy to determine, is an effective tool to identify patients suitable for DIBH technique. For patients with flat CW other techniques should be explored to address cardiac doses.
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Abdominal organ motion during breath-hold measured in volunteers on MRI: inhale and exhale compared E. Lens Purpose or Objective: Breath-hold (BH) techniques, used to eliminate respiratory-induced tumor motion, are in radiotherapy often implemented without clear feedback and characterization of the residual geometric uncertainties. We measured the motion of the pancreatic head and of the diaphragm during four different 1-minute BHs (2 inhale and 2 exhale) in healthy volunteers using MRI. The aim was to investigate which BH type produced the most stable anatomy ________________________________________________________________________________ and to establish whether the diaphragm could be used as a surrogate for pancreatic motion.
Material and Methods:
We studied 12 healthy volunteers (4 males), with a mean age of 33 y, mean height of 172 cm, mean weight of 63 kg and a mean vital capacity of 3.2 L. Each attempted to perform three 1-minute BHs in end-inhale (completely inflated lungs), deep-inhale (lung volume of ~70%), deep-exhale (lung volume of ~30%) and end-exhale (completely deflated lungs). During BH, we used a 3T MRI to dynamically (1.7 Hz) acquire a thick (8 mm) high resolution (0.9×0.9 mm2) 2D coronal slice including both the pancreatic head and the diaphragm. For each BH, the motion (i.e. displacement in all successive images relative to the first image) of the pancreatic head and of the diaphragm in the inferior-superior (IS) direction was determined using a 2D image correlation algorithm. The Wilcoxon signed-rank test was used to test the differences in maximum displacement during BH between the different BH types. To investigate the correlation between the intra-BH motion of the pancreas and of the diaphragm, we determined the Pearson correlation coefficient (r). As the achieved BH duration varied, only the data acquired during the first 30 seconds of each BH were included in our analysis.
Results:
We observed substantial motion in the IS direction in the form of drifts of the pancreatic head and of the diaphragm during all BH types (Figure and Table) . We observed significantly larger maximum displacements for the pancreatic head during deep-inhale compared with deepexhale (P = 0.012) and end-exhale (P = 0.045). For the diaphragm, we observed a significant difference in maximum displacement between each of the inhale BHs compared with each of the exhale BHs (P ≤0.019), the mean displacement was always larger during the inhale BHs than during the exhale BHs. A strong correlation (r ≥0.8) between the motion of the pancreas and of the diaphragm was observed in only 60 out of the 141 analyzed BHs and a moderate correlation (0.6 ≤ r <0.8) in 34 BHs. Both strong and moderate correlations were found most often for the deep-inhale BHs (Table) .
Conclusion:
We observed substantial intra-BH motion in IS of the pancreatic head and of the diaphragm. Exhale BH seems more stable and might therefore be preferred for radiotherapy. The diaphragm is not a suitable surrogate for pancreatic motion during BH, especially when the observed motion is small. The intra-BH displacements could have a high clinical impact if not taken into account during radiotherapy under BH conditions. PO-0883 Quantification of Duodenum motion: analysis from respiratory phase guided radiotherapy planning scan T. Basu
